Introduction {#sec1-1}
============

Atrial fibrillation (AF) is estimated to affect 33 million people worldwide.\[[@ref1][@ref2]\] This number is likely to be an underestimate since many people do not know that they have AF until they develop symptoms or present with an ischemic thromboembolic stroke or systemic thromboembolism. A rising prevalence is related to an increase in elderly population and the increased prevalence of risk factors, such as diabetes, hypertension, obesity, and alcohol consumption.\[[@ref3]\]

AF is one of the ten potentially modifiable risk factors associated with acute stroke.\[[@ref3]\] The risk of stroke in patients with AF has been estimated as between 1% and 20% annually.\[[@ref4][@ref5]\] In the United States, this arrhythmia may be responsible for \>70,000 ischemic strokes each year representing 10%--12% of all ischemic strokes.\[[@ref6][@ref7]\] Accordingly, risk stratification for the risk of stroke in AF and early initiation of therapy that aims to reduce the risk of AF-associated stroke is a crucial component in the management of this arrhythmia.

Stratification of Stroke Risk in Atrial Fibrillation {#sec1-2}
====================================================

The risk of stroke in people with AF can be stratified by the use of validated prediction scores such as CHADS~2~ or CHA~2~ DS~2~--VASc.\[[@ref8][@ref9]\] All available scores use selected clinical characteristics to predict the risk of stroke and provide a rough estimate of the risk of thrombosis in a population at similar risk as patients are reviewed.

CHADS~2~ is the most widely used scoring system for stratifying the risk of stroke in AF.\[[@ref8]\] In CHADS~2~, the risk of stroke is assessed by means of a scoring system that awards points for congestive heart failure (1 point), hypertension (1 point), age ≥75 years (1 point), diabetes mellitus (1 point), and prior stroke or transient ischemic attack (2 points) \[[Table 1](#T1){ref-type="table"}\]. The risk of stroke increases according to point score per year: 1.9% (0 points), 2.8% (1 point), 4.0% (2 points), 5.9% (3 points), 8.5% (4 points), 12.5% (5 points), and 18.2% (6 points).\[[@ref8]\] Based on CHADS~2~ cumulative score, the risk of stroke is divided into three strata: low-risk patients with a score of 0, moderate-risk patients with scores of 1--2, and high-risk patients with scores of 3--6 \[[Table 2](#T2){ref-type="table"}\].\[[@ref9]\]

###### 

Components of the CHADS~2~ and CHA~2~DS~2~-VASc scores that are used to assess the risk of stroke in atrial fibrillation and guide the decision of anticoagulation therapy

  Condition                                                                                  CHADS~2~   Points   CHA~2~DS~2~-VASc   Points
  ------------------------------------------------------------------------------------------ ---------- -------- ------------------ --------
  Congestive heart failure (or left ventricular systolic dysfunction)                        C          1        C                  1
  Hypertension (BP above 140/90 or treated hypertension on medication)                       H          1        H                  1
  Age \>75                                                                                   A          1        A2                 2
  Diabetes mellitus                                                                          D          1        D                  1
  Stroke or TIA or thromboembolism in history                                                S2         2        S2                 2
  Vascular disease (peripheral vascular disease, myocardial infarction, and aortic plaque)                       V                  1
  Age \>65                                                                                                       A                  1
  Sex (Female)                                                                                                   SC                 1

AF=Atrial fibrillation, BP=Blood pressure, TIA=Transient ischemic attack

###### 

Stroke risk according to CHADS~2~ and CHA~2~DS~2~-VASc stratification

  Stroke risk Category   CHADS~2~ score   1-year event rate (%)   CHA~2~DS~2~-VASc   1-year event rate (%)
  ---------------------- ---------------- ----------------------- ------------------ -----------------------
  Low risk               0                1.67                    0                  0.78
  Intermediate risk      1-2              4.75                    1                  2.0
  High risk              3-6              12.3                    2-9                8.8

The CHA~2~ DS~2~--VASc is the most recent risk stratification score. It improves the risk stratification in patients with CHADS~2~= 0 or 1 and allows for identification of truly low-risk patients. Additional points are assigned for an additional age category of 65--74 years (1 point), female sex (1 point), and vascular disease other than cerebrovascular disease (1 point). Two points are awarded for age ≥75 years \[[Table 1](#T1){ref-type="table"}\]. The risk of stroke increases according to point score per year: 0.5% (0 points), 1.5% (1 point), 2.5% (2 points), 5% (3 points), 6% (4 points), and 7% (5--6 points).\[[@ref9]\]

By being more inclusive of risk factors, CHA2 DS2--VASc help identify truly low risk patients with score of 0 who who do not require antithrombotics while for all other patients ((CHA2DS2--VASc ≥1) oral anticoagulation (OAC) therapy should be considered. It is hoped that these improvements will lead to the appropriate use of OAC for the treatment of more patients, resulting in fewer strokes over time.

For practical reasons, CHA~2~ DS~2~--VASc should be used in conjunction with CHADS~2~. Patients with CHADS~2~≥2 should clearly be considered high risk for stroke. However, for patients with a CHADS~2~ of 0--1, it is argued that there is a need to refine the patients\' risk using CHA~2~ DS~2~--VASc. The overall risk of stroke can be stratified into low, intermediate, or high according to the cumulative points from CHADS~2~ or CHA~2~ DS~2~--VASc \[[Table 2](#T2){ref-type="table"}\] which helps in guiding the decision of the strategy of stroke prevention.

Stroke Prevention in Nonvalvular Atrial Fibrillation {#sec1-3}
====================================================

The prevention of stroke related to AF is a global public health priority. Strokes due to AF are common and associated with very poor outcome (70%--80% of patients die or become disabled).\[[@ref10][@ref11]\] Proper risk stratification and early initiation of appropriate preventive therapy result in a significant reduction of AF-related ischemic strokes and its associated mortality.\[[@ref12]\]

Antiplatelet therapy with aspirin or clopidogrel has been indicated in patients with nonvalvular AF categorized as low risk for ischemic stroke according to CHA~2~ DS~2~--VASc \[[Table 3](#T3){ref-type="table"}\]. Aspirin therapy, according to data from three trials, resulted in an estimated relative risk reduction of 21% compared with placebo (95% confidence interval \[CI\], 0%--38%).\[[@ref13]\] The largest aspirin effect was observed in the Stroke Prevention in Atrial Fibrillation (SPAF-1) trial, which used aspirin 325 mg/d. However, based on the results of studies done in multiple vascular indications, the best balance of efficacy and safety of aspirin appears to be low dose at 75--100 mg/d.\[[@ref13]\]

###### 

Stroke risk category according to CHA~2~DS~2~-VASc and recommended stroke preventive therapy

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Risk category                                                                CHA~2~DS~2~-VASc score   Recommended antithrombotic therapy
  ---------------------------------------------------------------------------- ------------------------ ---------------------------------------------------------------------------------------------------------------------
  One "major" risk factor or \>2 "clinically relevant nonmajor" risk factors   \>2                      OAC

  One "clinically relevant nonmajor" risk factor                               1                        Either OAC or aspirin 75-325 mg daily\
                                                                                                        Preferred: OAC rather than aspirin

  No risk factors                                                              0                        Either aspirin 75-325 mg daily or no antithrombotic therapyPreferred: No antithrombotic therapy rather than aspirin
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

OAC=Oral anticoagulation

Multiple clinical trials have demonstrated the superior therapeutic effect of warfarin compared with antiplatelets in patients with nonvalvular AF.\[[@ref12]\] Therefore, in patients with intermediate and high stroke risk according to CHA~2~ DS~2~--VASc, anticoagulation with warfarin is the preferred therapy for stroke prevention.\[[@ref14][@ref15][@ref16][@ref17]\] An analysis of pooled data from five primary prevention trials demonstrated a relative risk reduction of 68% (95% CI, 50%--79%) and an absolute reduction in annual stroke rate from 4.5% for control patients to 1.4% in patients assigned to adjusted-dose warfarin.\[[@ref17]\]

The new oral anticoagulants (NOACs) such as dabigatran, apixaban, or rivaroxaban have shown to be equivalent to warfarin in the prevention of ischemic stroke in nonvalvular AF and might have a better adherence profile.\[[@ref18][@ref19][@ref20]\] The direct thrombin inhibitor, dabigatran etexilate, is one of the NOACs that represent a prodrug of dabigatran, which reversibly inhibits the active site of thrombin with an oral bioavailability of 6%.\[[@ref21]\]

Dabigatran has a half-life of 14--17 h, which permits once- or twice-daily administration, and 80% of the drugs are excreted unchanged by the kidneys. It has been evaluated for the prevention of stroke in patients with AF in the RE-LY trial.\[[@ref18]\] The RE-LY trial investigators randomized 18,113 patients with AF and at least one additional risk factor for stroke to receive dabigatran etexilate (at doses of 110 or 150 mg twice daily) or warfarin, which was adjusted to achieve an international normalized ratio (INR) of 2 to 3. Rates of the primary efficacy outcome, stroke, or systemic embolism were 1.69%/year in the warfarin group, 1.53%/year in the group that received 110 mg of dabigatran (*P* \< 0.001 for noninferiority), and 1.11%/year in the group given 150 mg of dabigatran (*P* \< 0.001 for both noninferiority and superiority).

Rivaroxaban (Xarelto) is a direct coagulation factor Xa inhibitor that reversibly binds to the active site of coagulation factor Xa without antithrombin mediation affecting free and platelet-bound factor Xa. The rivaroxaban once-daily oral direct factor Xa inhibition compared with Vitamin K antagonism for the prevention of stroke and embolism trial in AF (ROCKET AF) study evaluated rivaroxaban for the prevention of stroke or systemic embolization in patients with nonvalvular AF (intermediate to high risk of stroke).\[[@ref19]\] Patients were randomly assigned to receive either rivaroxaban 20 mg/day (15 mg/d in patients with CrCl of 30--49 mL/min per 1.73 m2) or warfarin (target INR, 2.0--3.0). Rivaroxaban was noninferior to warfarin (2.1% vs. 2.4% per year; *P* \< 0.001 for noninferiority) in the intention-to-treat analysis for the primary efficacy endpoint of stroke and systemic embolism. There was no difference between patients taking rivaroxaban and those taking warfarin in terms of all bleeding events (14.9% vs. 14.5% per 100 patient-years; P1/4.44) and major bleeding events (3.6% vs. 3.4% per 100 patient-years; P1/4.58).

Apixaban, another NOAC, which works as a direct coagulation factor Xa inhibitor is absorbed rapidly, and maximal plasma concentrations are achieved 3 h after oral administration with a terminal half-life of 8--14 h.\[[@ref19]\] Elimination of apixaban involves multiple pathways, including hepatic, renal, and intestinal routes.\[[@ref19]\] Efficacy of apixaban in SPAF-1 patients was tested in the Apixaban for Reduction in Stroke and Other Thromboembolic Events in Atrial Fibrillation trial.\[[@ref20]\] In this trial, 18,201 patients with nonvalvular AF and at least one other stroke risk factor were randomized to apixaban 5 mg twice daily or adjusted-dose warfarin.\[[@ref20]\] After a median follow-up of 1.8 years, the primary outcome of ischemic stroke, hemorrhagic stroke, or systemic embolism occurred in 212 patients assigned to apixaban compared with 265 assigned to warfarin (Hazard Ratio with apixaban, 0.79; 95% CI, 0.66--0.95; *P* \< 0.001 for noninferiority and *P* = 0.01 for superiority).\[[@ref20]\]

Warfarin Versus New Oral Anticoagulants {#sec1-4}
=======================================

The narrow therapeutic margin and drug or food interactions of warfarin with requirements of frequent INR testing and dose adjustments represent major limitations of the use of warfarin \[[Table 4](#T4){ref-type="table"}\]. To overcome the limitations of warfarin, several NOACs have been developed, including direct thrombin inhibitors and factor Xa inhibitors as discussed above. Evidence from multiple clinical trials has led to the replacement of warfarin with the NOACs in stroke prevention in nonvalvular AF.\[[@ref18][@ref19][@ref20][@ref21][@ref22]\]

###### 

Major differences of warfarin and new oral anticoagulants and clinical implications of such differences

  Characteristics                       Warfarin                                               NOACs                              Clinical implication
  ------------------------------------- ------------------------------------------------------ ---------------------------------- ------------------------------------------------------------------------------------------------------
  Onset and offset of action            Slow onset and offset of action                        Rapid onset of action              Warfarin need bridging with a rapidly acting anticoagulant
  Therapeutic window                    Narrow therapeutic index                               Wide therapeutic index             Need for routine coagulation monitoring with warfarin but not with NOACs
  Food and drug interactions            Frequent food and drug interactions                    No food and drug interactions      Dietary precautions with warfarin and need for frequent coagulation monitoring but not with NOACs
  Variability in anticoagulant effect   Inter individual variability in anticoagulant effect   Predictable anticoagulant effect   Variability in dosing requirements for warfarin compared to relatively fixed stable dosing for NOACs

NOACs=New oral anticoagulants

The currently unique contraindications to NOACs are patients with mechanical heart valves and those with moderate-to-severe mitral stenosis (valvular AF). This is supported by the Phase II trial of dabigatran etexilate against warfarin treatment, which was stopped prematurely because of increased rates of thromboembolism as well as increased bleeding associated with dabigatran.\[[@ref23]\]

Unlike warfarin, for which Vitamin K and fresh frozen plasma may be used to reverse anticoagulation during acute bleeding, no similar antidotes are available for the newer oral anticoagulants with the exception of dabigatran. However, the short half-life of these agents offers some protection that limits the need for antidote.

Another contraindication to the use of NOACs for SPAF-1 is advanced renal failure with CrCl \<15 mL/min per 1.73 m^2^.\[[@ref24]\]

Milder renal failure will need caution and adjustment of the NOAC dosing, which is variable from one agent to another.\[[@ref24][@ref25]\] For example, in patients with CrCl of 15--30 mL/min per 1.73 m^2^, the recommended dose of dabigatran is 75 mg twice daily, apixaban is 2.5 mg twice daily, and rivaroxaban is15 mg once daily.\[[@ref25]\]

Weighting the Risk of Bleeding Versus Stroke Risk When Determining the Anticoagulation Protocol in a Patient With Atrial Fibrillation {#sec1-5}
=====================================================================================================================================

Preventing ischemic stroke in patients with AF is a major therapeutic goal. The achievement of this goal should be balanced with the risk of bleeding that can complicate the use of anticoagulation therapy. The underlisted factors have emerged as a result of multiple systematic reviews. The strongest risk factors for developing a bleed while on OAC are:

Age (\>75 years)Concomitant use of antiplatelet drugs (such as aspirin, clopidogrel, prasugrel, or nonsteroidal anti-inflammatory agents)Uncontrolled hypertensionHistory of previous bleeding episode or bleeding disordersPoorly controlled anticoagulation therapy.

HAS-BLED is one of the validated risk scoring systems used to assess the risk of bleeding in patients receiving OAC.\[[@ref26]\] The acronym HAS-BLED represents each of the bleeding risk factors and assigns one point for the presence of each of the following: hypertension (uncontrolled systolic blood pressure, 160 mmHg), abnormal renal and/or liver function, previous stroke, bleeding history or predisposition, labile INRs, elderly, and concomitant drugs and/or excessive use of alcohol \[[Table 5](#T5){ref-type="table"}\]. HAS-BLED patients are categorized into low, moderate, or high bleeding risk \[[Table 5](#T5){ref-type="table"}\]. A HAS-BLED score of \>3 (high bleeding risk) indicates that caution is necessary when prescribing OAC and regular review is recommended.\[[@ref27]\] The use of the HAS-BLED score can help to identify modifiable bleeding risks that need to be addressed but should not be used on its own to exclude patients from anticoagulation therapy.\[[@ref28]\]

###### 

HAS-BLED score for bleeding risk on oral anticoagulation in atrial fibrillation\*

  Condition                           Points
  ----------------------------------- --------
  Hypertension (systolic ≥160 mmHg)   1
  Abnormal renal function             1
  Abnormal liver function             1
  Previous stroke                     1
  Bleeding                            1
  Labile INRs                         1
  Elderly ≥65 years                   1
  Taking other drugs as well          1

\*Risk categories: 0 low risk; 1-3 moderate risk; \>3 high risk. INRs=International normalized ratios

Nonpharmacologic Option for Stroke Prevention in Atrial Fibrillation {#sec1-6}
====================================================================

Systemic anticoagulation provides effective reduction in the risk of stroke in AF patients. However, it has several drawbacks, including inconvenience and cost associated with daily administration of medication, the need for frequent blood tests and dietary restrictions in patients treated with warfarin, the increased risk of bleeding complications, and the difficulty in the management of anticoagulants in the setting of elective or nonelective invasive/surgical procedures or trauma. As a result of these limitations, nonpharmacologic option such as left atrial appendage (LAA) occlusion has been suggested as a possible alternative for SPAF-1 with the approval of the first device (Watchman, Boston Scientific) by the United States Food and Drug Administration in 2015 \[[Figure 1](#F1){ref-type="fig"}\].

![The Watchman device for the left atrial appendage occlusion, the polyester fabric covers the proximal 50% of the devise depth and is designed to prevent thrombi from embolizing out of the left atrial appendage with the anchors seen on the bottom (Image reproduced with permission from Boston Scientific)](JFCM-26-92-g001){#F1}

The first randomized trial evaluating the Watchman device was the PROTECT AF (Watchman Left Atrial Appendage System for Embolic Protection in Patients with Atrial Fibrillation).\[[@ref29]\] The composite primary endpoint consisted of stroke, systemic embolism, and cardiovascular death that occurred in 3.0 per 100 patient-years in the Watchman group as compared to 4.3 in the warfarin group that meets the noninferiority endpoint. However, in this study, the safety endpoints of life-threatening bleeding and significant bleeding as well as procedure-related complications presented a significantly higher risk (7.7%) in the Watchman group.\[[@ref29]\] In another randomized trial, PREVAIL study (Evaluation of the Watchman LAA Closure Device in Patients with Atrial Fibrillation Versus Long Term Warfarin Therapy), randomized patients with CHADS score of ≥2 or 1 with one additional risk factor in a 2:1 fashion to the implant of a device or continuation of warfarin therapy, the primary endpoints consisted of stroke, systemic embolism, or cardiovascular death/unexplained death and was not met at 18 months.\[[@ref30]\] However, the second endpoint of stroke or systemic embolism \>7 days postrandomization met noninferiority. The procedure-related complications occurred in 4.5% of Watchman patients in PREVAIL as compared to 8.7% in PROTECT AF. In summary, LAA occlusion offers a well-established and cost-effective mechanical option for stroke prevention in patients with nonvalvular AF who cannot tolerate long-term OAC.\[[@ref31][@ref32]\]

Conclusion {#sec1-7}
==========

AF is a very common cardiac arrhythmia with significant cardiovascular morbidity and mortality. The associated risk of embolic events, particularly embolic cerebrovascular accidents, is its most serious complication. Careful risk stratification and estimation of the risk of stroke using CHADS~2~ or CHA~2~ DS~2~--VASc can help to identify the high-risk patients who will benefit from OAC. The NOACs are preferable for stroke prevention in nonvalvular AF while warfarin is still the best option in valvular AF. The risk of bleeding should be assessed in every patient with AF prior to initiating anticoagulation to help guide the appropriate determination of the method of stroke prevention and avoid bleeding complications. LAA appendage occlusion has emerged as an aid in reducing embolic complications in AF who cannot tolerate OAC.
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